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The U.S. Environmental Protection Agency (EPA), through its Office of Research and
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here. This document has been peer reviewed by the Agency and recommended for public release.
Mention of trade names or commercial products does not constitute endorsement or
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Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the
nation’s air, water, and land resources. Under a mandate of national environmental laws, the
Agency strives to formulate and implement actions leading to a compatible balance between
human activities and the ability of natural systems to support and nurture life. To meet this
mandate, the EPA’s Office of Research and Development provides data and science support that
can be used to solve environmental problems and to build the scientific knowledge base needed
to manage our ecological resources wisely, to understand how pollutants affect our health, and to
prevent or reduce environmental risks.

The Environmental Technology Verification (ETV) Program has been established by the EPA to
verify the performance characteristics of innovative environmental technology across all media
and to report this objective information to permitters, buyers, and users of the technology, thus
substantially accelerating the entrance of new environmental technologies into the marketplace.
Verification organizations oversee and report verification activities based on testing and quality
assurance protocols developed with input from major stakeholders and customer groups
associated with the technology area. ETV consists of seven environmental technology centers.
Information about each of these centers can be found on the Internet at http://www.epa.gov/etv/.

Effective verifications of monitoring technologies are needed to assess environmental quality
and to supply cost and performance data to select the most appropriate technology for that
assessment. In 1997, through a competitive cooperative agreement, Battelle was awarded EPA
funding and support to plan, coordinate, and conduct such verification tests for “Advanced
Monitoring Systems for Air, Water, and Soil” and report the results to the community at large.
Information concerning this specific environmental technology area can be found on the Internet
at http://www.epa.gov/etv/centers/centerl.html.


http://www.epa.gov/etv/
http://www.epa.gov/etv/centers/center1.html
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Chapter 1
Background

The U.S. Environmental Protection Agency (EPA) supports the Environmental Technology
Verification (ETV) Program to facilitate the deployment of innovative environmental tech-
nologies through performance verification and dissemination of information. The goal of the
ETV Program is to further environmental protection by accelerating the acceptance and use of
improved and cost-effective technologies. ETV seeks to achieve this goal by providing high-
quality, peer-reviewed data on technology performance to those involved in the design,
distribution, financing, permitting, purchase, and use of environmental technologies.

ETV works in partnership with recognized testing organizations; with stakeholder groups
consisting of buyers, vendor organizations, and permitters; and with the full participation of
individual technology developers. The program evaluates the performance of innovative tech-
nologies by developing test plans that are responsive to the needs of stakeholders, conducting
field or laboratory tests (as appropriate), collecting and analyzing data, and preparing peer-
reviewed reports. All evaluations are conducted in accordance with rigorous quality assurance
(QA) protocols to ensure that data of known and adequate quality are generated and that the
results are defensible.

The EPA’s National Exposure Research Laboratory and its verification organization partner,
Battelle, operate the Advanced Monitoring Systems (AMS) Center under ETV. The AMS Center
recently evaluated the performance of continuous emission monitors (CEMSs) for mercury,
including the Envimetrics Argus-Hg 1000 mercury CEM.
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Chapter 2
Technology Description

The objective of the ETV AMS Center is to verify the performance characteristics of
environmental monitoring technologies for air, water, and soil. This verification report provides
results for the verification testing of the Argus-Hg 1000 mercury CEM. Following is a description
of the Argus-Hg 1000 mercury CEM, based on information provided by the vendor. The
information provided below was not subjected to verification in this test.

The Argus-Hg 1000 uses atomic emission spectroscopy to measure total mercury in flue gas. Flue
gas is sampled with a filtered probe inserted in the flue duct. Heated Teflon sample lines transport
the flue gas from the sample probe to the instruments. The Argus-Hg 1000 measures total mercury
with the aid of a proprietary catalytic converter that reduces molecular forms of mercury to atomic
mercury. Wet chemical reagents are not used by the Argus-Hg 1000. A chiller removes water vapor
before flue gas enters the Argus-Hg 1000. The Argus-Hg 1000 samples the flue gas, and the
mercury is preconcentrated by an absorbent. The absorbent is thermally desorbed, and the mercury
is analyzed by a patented microwave plasma source, which excites the mercury, and a low-
resolution ultraviolet spectrometer. The Argus-Hg 1000 uses argon as a carrier gas, and in normal
use a standard cylinder of argon is sufficient for a year or more of operation. The Argus-Hg 1000
requires one to two nanograms of mercury to make a measurement and does not need a zero adjust.
Sample time is approximately three minutes at sampling rates close to two liters per minute, and
that sample collection interval is part of an overall
measurement cycle of approximately seven minutes.

i g

The Argus-Hg 1000 is microprocessor-controlled and can
operate unattended when measuring total mercury. When
manually operated, the Argus-Hg 1000 also can determine
both elemental and total mercury. The Argus-Hg 1000 is
packaged in two 48-centimeter (cm) (19-inches) wide
waist-high racks. Its dimensions are 48 cm by 61 cm by
71 cm (19 inches by 24 inches by 28 inches). Figure 2-1
shows the Argus-Hg 1000 with the plasma source,
spectrometer, absorbent, and microprocessor. Data are
provided in multiple formats. The Argus-Hg 1000 pro-

2 vides analog signals and contact closures for acquisition

{ Dby adata logger. Alternately, data can be downloaded

w from the internal microprocessor by a computer.

Flgre 2-1. Envimerics Argus-
Hg 1000 CEM 2
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Chapter 3
Test Design and Procedures

3.1 Introduction

This verification test was conducted according to procedures specified in the Test/QA Plan for
Field Demonstration of Mercury Continuous Emission Monitors at the TSCA Incinerator.® The
purpose of the verification test was to evaluate the performance of mercury CEMs at a full-scale
field location, over a substantial period of continuous operation. The mercury CEMs were
challenged by stack gases generated from the thermal treatment of a variety of actual wastes in
the Toxic Substances Control Act Incinerator (TSCAI) at the East Tennessee Technology Park
(ETTP) in Oak Ridge, Tennessee. CEM responses were compared with reference mercury
measurements of total (Hg;), oxidized (Hgox), and elemental (Hg®) mercury. Mercury standard
gases were used to challenge the CEMs to assess stability in long-term operation, and the
instruments were operated for several weeks by TSCAI staff to assess operational aspects of their
use.

The performance of the Argus-Hg 1000 was verified while monitoring emissions from the
TSCAI that were generated from treating actual waste. The reference method for establishing the
quantitative performance of the tested technologies was the Ontario Hydro (OH) method.®

The Argus-Hg 1000 performance parameters addressed included

Relative accuracy (RA) with respect to reference method results
Correlation with reference method results

Precision

Sampling system bias

Relative calibration and zero drift

Response time

Data completeness

Operational factors.

Relative accuracy, correlation with the reference method, and precision (i.e., repeatability at
stable test conditions) were assessed for total mercury in the stack gas emissions. Sampling
system bias, calibration and zero drift, and response time were assessed for Hg® only, using
commercial compressed gas standards of Hg®. The data completeness, reliability, and maintain-
ability of the CEMs over the course of the verification test were assessed during several weeks of
continuous operation.
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This verification test was conducted jointly by the ETV AMS Center and the DOE. Under DOE
funding, Shaw Environmental Inc. (SEI) under subcontract to Bechtel Jacobs Company LLC,
and the Hemispheric Center for Environmental Technology at Florida International University
(FIU-HCET) directed the field test. Reference method analyses were conducted by Severn Trent
Laboratories (STL), and data analysis was conducted by the University of Tennessee. Funding
for these activities was provided by DOE’s Transuranic and Mixed Waste Focus Area; the
Characterization, Monitoring and Sensor Technology Crosscutting Program; and FIU-HCET.

3.2 Facility Description

The TSCAI is designed and permitted for receiving, sorting, storing, preparing, and thermally
destroying low-level radioactive and Resource Conservation and Recovery Act (RCRA) mixed
waste contaminated with polychlorinated biphenyls. This waste is treated in a rotary kiln
incinerator with a secondary combustion chamber and off-gas treatment system for cleaning
combustion effluent gases. The TSCAI includes various support buildings, an unloading and
storage area, a tank farm, an incinerator area, concrete collection sumps, and carbon adsorbers.
A schematic of the TSCAI is shown in Figure 3-1, and photographs of the facility are shown in
Figures 3-2 and 3-3.

The TSCAI treats a wide range of waste categories, including oils, solvents and chemicals,
aqueous liquids, solids, and sludges. Solid and non-pumpable sludge material is typically
received and stored in metal containers and repackaged into combustible containers prior to
feeding. A hydraulic ram feeds containerized solids and sludges to the rotary kiln. Aqueous
waste is injected into the kiln through a lance. High heat-of-combustion liquids are burned in
either the rotary kiln or a secondary combustion chamber with gas burners. Both solids and
waste liquids are permitted for treatment in the primary combustion chamber, but only organic
liquids may be treated in the secondary combustion chamber. The typical temperature in the
primary combustion chamber is approximately 870°C (1,600°F), and in the secondary
combustion chamber is greater than 1,200°C (2,200°F).

Ash residue from the wet ash removal system is collected and handled through hazardous and
radioactive waste storage facilities. Selected residues are sent to a commercial landfill. Kiln
off-gas flows to the secondary combustion chamber. The off-gas from the secondary combustion
chamber then passes through a four-stage treatment system that includes a quench chamber and
scrubber treatment system for cooling, removing particulate matter, and neutralizing acidic
by-products. An induced-draft fan forces flue gases through the stack. Liquid waste generated by
the scrubber systems is treated by the Central Neutralization Facility, an adjacent on-site waste
water treatment plant. Solid waste, such as scrubber sludge, is collected in drums for off-site
disposal.

The off-gas treatment system of the TSCAI produces a scrubbed, wet gas flow. The TSCAI stack
receives this water-saturated flue gas and vents it to the atmosphere. The stack is 100 feet high
and its inside diameter is 54 inches, with a gas velocity of approximately 20 feet per second. The
stack is equipped with several sample ports for flue gas sampling; a continuous emission
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Figure 3-2. Overview of TSCAI Test Location. The incinerator stack is at left,
with waste feed area behind the stack. The trailers housing the mercury CEMs for
this test were located in the foreground at the base of the stack.
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Flgure 3-3. Slde View of TSCAI Stack Sampllng platforms are at the left and
CEM trailers are at the lower right.
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monitoring system for measuring carbon monoxide (CO), carbon dioxide (CO,), and oxygen
(O,); continuous sampling systems for radionuclides and metals; and two access platforms that
surround the full circumference of the stack at about 30 feet and 50 feet above ground level. The
combustion gas velocity is also monitored by means of the induced-draft fan current and
pressure drop across the fan.

The combustion process and off-gas cleaning systems are monitored by instrumentation for
process control and data collection. Operational parameters are automatically monitored and
logged by the incinerator Supervisory Control and Data Acquisition system.

Stack gas characteristics at the CEM sampling locations used in this test are summarized in
Table 3-1. Additional detail on the TSCAI configuration and operations are available in the
test/QA plan,® and in recent publications describing this test.¢®

Table 3-1. TSCAI Stack Gas Characteristics®

Parameter Range Units
Temperature 83.7-86.0 (182.6 - °C (°F)
186.8)
Static Pressure -0.25 inches H,O
Flow Rate 6,065 — 9,100 dry standard cubic feet (dscf)
per minute (min)
14,920 — 23,450 actual cubic feet per minute
Velocity 15.78 - 19.73 feet per second
0, 8.4-11.6 %
CO, 43-7.0 %
CO 0-10.3 parts per million by volume
Moisture 47.1-52.2 %
Particulate Matter Loading 0.0012 - 0.0079 grain/dscf @ 7% O,
2.68 -18.2 mg/dry standard cubic meters

(dscm) @ 7% O,

@ Values shown are actual conditions during OH reference method periods.
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3.3 Test Design
3.3.1 Equipment Setup

The Argus-Hg 1000 was housed in the TSCAI Test Bed Mobile Laboratory Trailer located near
the base of the TSCAI stack. A dedicated data acquisition system was placed inside the trailer
for logging signals from the Argus-Hg 1000 and other CEMs undergoing verification. The data
logger was also connected to the facility Supervisory Control and Data Acquisition system
through an Ethernet link to collect and log process parameters on the Argus-Hg 1000 data
logger.

At the lower of the two platforms on the TSCAI stack (i.e., about 30 feet above ground level),
one sampling port was dedicated to a probe that extracts stack gas to be analyzed for CO, CO,,
and O, by the facility CEMs. Other ports at this level were used for the Argus-Hg 1000 and
other CEMs being tested.

For the Argus-Hg 1000, the vendor-supplied extractive sampling probe was connected to the
CEM by means of a PFA heated 3/8-inch outside diameter (0.25-inch inside diameter) Teflon
sample line. A vendor representative oversaw installation of the Argus-Hg 1000. The source
sample was withdrawn from the TSCAI stack through an in-stack ceramic filter and probe, and
then a second large-area ceramic filter, all of which were heated to 180°C (356°F). A pump
located near the instrument drew the sample gas through the 100-foot PFA Teflon sample line
maintained at 180°C (356°F) and into the Argus-Hg 1000 thermal converter unit that converts
oxidized mercury (Hgoy) in the sample gas to Hg® for detection (see Section 2). The total sample
flow through the probe, filter, and Teflon line was approximately two liters per minute. Like all
CEMs in this verification test, the Argus-Hg 1000 sampled at a single (fixed) point in the stack.
This CEM provides a reading of total vapor-phase mercury (Hgy) (i.e., the sum of Hg® and Hgoy
vapor) about every seven minutes, but does not determine particle-phase mercury. Verification
of the performance of the Argus-Hg 1000 was based on comparison with the corresponding Hg;
results from the OH reference method.

3.3.2 Test Schedule

In this verification test, the CEMs undergoing testing sampled the TSCAI stack gas continuously
for nearly two months in the fall of 2002, while the TSCAI operated normally in destroying a
variety of waste materials. Stack sampling with the OH reference method was conducted in the
first week and the last week of the test, and between those two periods the CEMs operated
continuously for approximately five weeks. Table 3-2 summarizes the schedule of verification
testing at the TSCAI facility. Shown in this table are the activities conducted during various
periods, and the performance parameters addressed by those activities.

The TSCAI was operated continuously during the first and last weeks of test and was not shut
down overnight. Such continuous round-the-clock operation is the standard mode of operation
for the TSCAI. During the OH reference method sampling runs, the TSCAI burned aqueous,
solid, or a combination of aqueous and solid waste. The waste was characterized by chemical
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Table 3-2. Mercury CEM Verification Test Schedule

Time Period (2002) Activity Performance Parameters
August 5 -7 Installation and shakedown —
August 8 — 11 OH method sampling; daily RA, correlation, precision;
challenge with mercury sampling system bias,
standard gases calibration drift, zero drift,

response time

August 12 — September 15  Routine monitoring, with Calibration drift, zero drift
scheduled challenges with
mercury standard gases

September 16 — 19 OH method sampling; daily RA, correlation, precision;
challenge with mercury sampling system bias,
standard gases calibration drift, zero drift,

response time

analysis before the test began, and some measure of control of the stack mercury concentration
was achieved by varying the feed rate of aqueous waste and/or mixing solid and aqueous waste
materials.

After installation at the TSCAI in early August 2002, the CEMs went through a shakedown
period in which all CEMs sampled the facility stack gas. Sampling of the stack gas then
continued for the duration of the verification test, including during the performance of 10 OH
reference method sampling runs with dual OH trains on August 8 through 11. During this
period, the CEMs also were challenged with zero gas and with commercially prepared
compressed gas standards of Hg®. Vendor representatives oversaw installation and shakedown of
the CEMs and operated the CEMs through the first week of testing. Following this first OH
sampling period, vendor representatives trained site personnel on routine operation,
maintenance, and calibration checks of each of the mercury CEMs. The CEMs then operated for
five weeks with only routine attention and maintenance from TSCAI staff. During this period,
the staff recorded the maintenance and repair needs of each CEM and made observations on the
ease of use of each CEM. Finally, a second four-day period of OH method sampling with dual
trains was conducted on September 16 through 19, in which eight OH sampling runs were
conducted. The zero gas and mercury standard challenges were carried out by vendor
representatives through this period as well.

The OH reference method results are presented in Section 4.2, along with evaluations of the
quality of these reference results. The commercial mercury gas standards are described in
Section 3.4.2, and the CEM results on those standards are reported in Section 6.
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3.3.3 Reference Method Sampling

OH method sampling at the TSCAI was conducted at the upper platform on the stack (50 feet above
ground) by staff of SEI, who prepared the trains, conducted sampling at the TSCAI stack using dual
OH trains, and then recovered the resulting samples in a laboratory facility near the TSCAI site. The
dual OH sampling trains sampled isokinetically at separate ports located 90° apart on the stack
circumference and traversed the stack at points determined by EPA Method 1. The two trains were
interchanged from port to port at the halfway point in the OH sampling period, so that the trains
completed full and identical traverses of the stack during each OH run. STL supplied the chemical
reagents used in the OH sampling train impingers and performed the mercury analyses on the OH
method samples. Containers for collecting and storing samples were labeled for tracking by STL and
subsequently supplied to the SEI field sampling team. Request for Analysis/Chain of Custody forms
accompanied the samples from the time of collection by the field sampling team through analysis by
the laboratory. Modified QA procedures for the OH method were followed, as described in Section
4.3.1. In addition, two blank OH trains (one in each week of OH method sampling) were spiked
with known quantities of mercury to assess recovery in sample analysis. The results of those
mercury spikes are reported in Section 4.3.2.

Tables 3-3 and 3-4 summarize the schedule of OH sampling in the initial and final weeks of the
verification test, respectively, indicating the run number, date, and start and stop times of each OH
run. These tables also show the type of waste burned in each OH run. In most runs, the total
sampling period was made up of two separate periods of time, as necessitated by the port change
procedure noted above. In a few OH runs, other factors such as disturbances in the waste feed
required a stoppage in OH sampling; for those runs the total OH sampling period consists of three or
more segments, rather than two. A few OH runs of one hour duration were conducted in the initial
week of OH sampling (Table 3-3). However, it was recognized that this sample duration allowed
only a few measurements to be made within the OH sample period, by those CEMs that provided
sequential batch analyses, as opposed to continuous analysis. Consequently, all OH periods in the
final week (Table 3-4) were of two hours duration.

Note that the first 10 OH sampling runs (Table 3-3) were numbered 7 through 16, and the last eight
(Table 3-4) were numbered 18 through 25. The numbers 1 through 6 were assigned to OH trains
used in pre-test trial runs, and other numbers were assigned to trains used as field blanks or as field
spike trains. Each OH run number applies to two trains, designated A and B, which were used in
parallel sampling, as described above, or used for separate QA purposes. For example, OH train 17A
was spiked with known amounts of mercury, as described in Section 4.3.2, and train 17B was used
as a blank. Similarly, train 28A was spiked and train 28B was a blank.

To ensure that the OH reference method and CEM data sets were indeed parallel and comparable for
each sampling period, the CEM vendors were notified of the start and stop times of each OH period
so that average analyte concentrations corresponding directly to the reference method sampling
period could be reported. The CEM vendors were given at least 15 minutes notice prior to initiation
of each OH method sampling run.

All OH trains were prepared, recovered, and analyzed in the same manner, with one exception. The
particulate filters from trains designated “A” and used for sampling at the TSCAI stack were
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Table 3-3. Schedule of OH Method Sampling Runs in Initial Sampling Period
(August 8 — 11, 2002)

Run Number Date Start Time Stop Time Waste Feed Type
09:10 09:28
7 8/8/02 09:43 10:25 Solids
10:55 11:55
14:40 15:40 .
8 8/8/02 Solids
16:10 17:10
10:50 11:50
9 8/9/02 Agueous
12:15 13:15
14:35 15:35
h 10 8/9/02 Aqueous
16:10 17:10
z 11 8/10/02 9135 10:05 A
ueous
L 10:25 10:55 q
E 12:15 12:45
12 8/10/02 Aqueous
: 13:10 13:40
15:00 15:30
(@) 13 8/10/02 Aqueous
08:20 08:50 .
a 14 8/11/02 Aqueous and Solids
09:10 09:40
L 10:40 10:52
> 15 8/11/02 11:05 11:23 Aqueous and Solids
(= 11:45 12:15
: 13:45 14:15 .
16 8/11/02 Solids
u 15:00 15:30
q weighed before and after sampling to determine particulate matter loading in the flue gas, whereas
those from the trains designated “B” were not. The particulate loadings determined from the A
ﬂ trains ranged from 0.0012 to 0.0079 grain/dscf (2.68 to 18.2 mg/dscm). Particulate mercury was
n. determined from the filter catch and probe rinse of both the A and B trains in all samples, but was
never found at significant levels (i.e., maximum values of particulate Hg were less than 0.003
I.I.I ng/dscm). Given this negligible amount of particulate mercury, the total vapor-phase mercury (Hg)
m determined by the OH method can be considered as the total mercury content of the stack gas.
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Table 3-4. Schedule of OH Method Sampling Runs in Final Sampling Period
(September 16 — 19, 2002)

Run Number Date Start Time Stop Time Waste Feed Type
11:10 12:10
18 9/16/02 Aqueous
13:05 14:05
15:20 16:20
19 9/16/02 Aqueous
16:50 17:50
9:25 10:25 .
20 9/17/02 Aqueous and Solids
11:10 12:10
13:15 14:15 .
21 9/17/02 Aqueous and Solids
14:35 15:35
8:35 9:35
22 9/18/02 9:55 10:37 Aqueous
12:35 12:53
14:36 15:36
23 9/18/02 Aqueous
16:36 17:36
8:25 9:20
10:56 11:01 .
24 9/19/02 Aqueous and Solids
11:22 11:44
11:59 12:37
13:34 14:34 .
25 9/19/02 Aqueous and Solids
15:46 16:46
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3.3.4 Verification Procedures

This section describes the test procedures that were used to verify mercury CEM performance on
each of the performance parameters listed in Section 3.1. Table 3-5 lists the quantitative
performance parameters and summarizes the types of data that were used to verify each of those
parameters.

Table 3-5. Data Used for Argus-Hg 1000 Performance Evaluation

Performance Parameter Objective Comparison Based On

Relative Accuracy Determine degree of Reference method results
guantitative agreement with
reference method

Correlation with Reference  Determine degree of correlation Reference method results

Method with reference method

Precision Determine repeatability of Repetitive measurements
successive measurements at under stable facility
relatively stable mercury levels  conditions

Sampling System Bias Determine effect of the CEM’s  Response to zero gas and
sample interface on response to  Hg° standards at analyzer vs.
zero gas and Hg° standard through sample interface

Relative Calibration/Zero Determine relative response to  Zero gas and Hg° standards

Drift zero gas and span gas over
successive days

Response Time Estimate rise and fall timesof ~ CEM results at start/stop of
the CEMs Hg addition

3.3.4.1 Relative Accuracy

The RA of the Argus-Hg 1000 was verified using the OH reference method data for total mercury.
The Hg; readings of the Argus-Hg 1000 during each OH sampling interval were averaged and
compared with the average of the Hg, results from the paired OH trains (see Section 4.2.1). The RA
equation stated in Section 5.1 was applied to the averaged CEM data, using the OH data as the
reference values. To optimize the comparability of the CEM and OH data, the OH sampling was
coordinated with the CEM operations as noted in Section 3.3.3.

3.3.4.2 Correlation with Reference Method

The correlation of Argus-Hg 1000 total mercury results with the OH results was based on the same
data used to assess RA. No additional test procedures were needed to verify the correlation.

13



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

3.3.4.3 Precision

Precision is the degree of variability of successive CEM readings under conditions of stable mercury
concentration. In this test, the TSCAI stack gas mercury concentrations resulted entirely from the
waste feed material being burned (i.e., no mercury was spiked into the flue gas). Consequently,
mercury concentrations in the TSCAI stack would be most stable when a waste material of uniform
mercury content was being fed into the incinerator at a uniform rate. For this verification test, an
aqueous waste was stockpiled in quantities sufficient for all the testing and was characterized to
document its mercury content. The aqueous feed rate data from the TSCAI were then reviewed for
the periods of each OH run in which only aqueous waste was burned (see Tables 3-3 and 3-4). On
the basis of the feed rate data, two OH runs (Runs 9 and 12, Table 3-3) were selected as having
relatively uniform feed rates. The variability of the responses of each CEM during these two OH
runs was then calculated to assess the variability of the CEM response.

As described in Section 5.3, the assessment of precision is based on comparing the variability of
CEM readings to that of the aqueous feed rate, with variability expressed as a percent relative
standard deviation (RSD). This approach does not assume that the waste feed rate is the sole factor
affecting the variability of stack mercury concentrations, nor that the waste feed is perfectly uniform
in mercury content. This approach does provide a consistent basis for reporting CEM variability in
measuring mercury in the TSCAI stack gas.

3.3.4.4 Sampling System Bias

Sampling system bias was assessed using the commercial Hg® gas standards described in Section
3.4.2. To assess sampling system bias, a mercury gas standard was supplied at the analyzer portion
of the CEM, and separately at the stack gas sampling point of the CEM. Any difference in the CEM
responses in the two cases was attributed to the effect on the mercury level of the sampling system
components, i.e., the probe, filter, mercury conversion system, and transport lines.

3.3.4.5 Relative Calibration and Zero Drift

Zero drift and calibration drift also were assessed using the commercial Hg® gas standards described
in Section 3.4.2, respectively. Although the mercury standards were not suitable for use as absolute
standards, they did exhibit stable concentrations and so were useful for assessing CEM relative
calibration drift (see Section 3.4.2). These gases were supplied to the CEMs on numerous occasions
throughout the study, and the range, mean, and standard deviation of the CEM readings were
calculated as indicators of the drift of the instruments over the course of the test. Both low
(approximately 8 ug/m®) and high (40 to 60 pg/m®) mercury standards were used for this evaluation.
Zero gas (nitrogen) was used for a similar assessment of the drift in CEM zero readings. The Hg°
standards and zero gas were supplied to the analyzer portion of each CEM for this assessment, with
the exception of one, which was designed to accept standard and zero gases only at its stack gas
inlet.
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3.3.4.6 Response Time

Mercury CEM response time also was verified using zero gas and the commercial Hg® standards.
Response time was determined as the time required for the CEM to reach 95% of its final value,
after switching from zero gas to the mercury gas standard, or vice versa. The former procedure was
used to assess rise time, and the latter to assess fall time. Because the Argus-Hg 1000 is a batch (i.e.,
noncontinuous) analyzer, time response is reported as the percentage response to a step change that
is achieved within each seven-minute measurement cycle.

3.3.4.7 Data Completeness

Data completeness was determined as the percentage of data that each CEM produced, relative to
the total possible data return. This parameter was evaluated both in terms of the percentage of OH
sampling runs for which each CEM produced data and in terms of the overall fraction of the
two-month test period in which the CEM was operating and producing data.

3.3.4.8 Operational Factors

Throughout the field period of testing, the mercury CEMs at the TSCAI (August 8 — September 19,
2002), the CEM vendors and TSCAI staff operating the CEMs recorded the repair, routine
maintenance, and expendables needs of each CEM and noted operational issues such as the ease of
use and calibration of the instruments. These observations are summarized for the Argus-Hg 1000 in
Section 6.7.

3.4 Materials and Equipment
3.4.1 High Purity Gases

The high purity gas used for zeroing the CEMs during testing was commercial, ultra-high purity
(i.e., minimum 99.999% purity) nitrogen. Argon of the ultra-high or industrial-grade purity also was
obtained for those CEMs requiring it.

3.4.2 Mercury Sandard Gases

Ten compressed gas standards of Hg® in nitrogen were obtained from Spectra Gases (Alpha, New
Jersey) for use in assessing drift and sampling system bias of the CEMs. These cylinders were
received in March 2002 and stored outdoors at the TSCAI site until the start of the verification test.
When used during the verification test, each mercury standard was placed inside the instrument
trailer near the CEMs for ease of access and to maintain the cylinders at room temperature.

To assess their stability, the mercury gas standards were analyzed using various methods at intervals
before, during, and after the verification test. The 10 mercury standards were analyzed by Spectra
Gases in March, before shipment to the TSCAI site. In addition, a cold vapor atomic absorption
mercury analyzer (Seefelder Messtechnik) on loan from the EPA Office of Research and
Development (EPA-ORD) was used to analyze the mercury gas standards at the TSCAI field site.
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Analysis of all 10 cylinders was conducted with the Seefelder analyzer on August 8 and on nine of
the cylinders on October 17, after the field test had been completed. The contents of one cylinder
(CC133537) were unintentionally depleted during the verification test, and post-test analysis was
not possible. Eight cylinders, including the depleted one, were returned to Spectra Gases, where the
seven cylinders with remaining gas were analyzed on November 13.

SEI staff also analyzed the remaining two cylinders (CC133359 and CC133367) using a modified
version of EPA Method 101A®, with sampling performed on November 5 and 6, respectively, for
the two cylinders. Finally, the contents of these two cylinders were determined on November 6 using
the EPA-ORD Seefelder analyzer. Upon return to Spectra Gases, the gas in these two cylinders was
analyzed on November 21 by the vendor. The results of these diverse measurements on each of the
cylinders are summarized in Table 3-6. This table lists the cylinder numbers, the various analytical
results obtained on each cylinder (HgP results in pg/m?®), and the percent difference between the
initial and final concentrations determined by the gas vendor.

Table 3-6. Results of Elemental Mercury Standard Analyses @

Post-Test
November November November Dégfviggge
March 1 August 8 October 17 5&6 6 13&21 e
Initial and
Initial Gas Method Final Gas Final Gas
Vendor EPA-ORD EPA-ORD 101A Mini- EPA-ORD Vendor Vendor
Certified Seefelder Seefelder Train Seefelder Certified  Certified
Cylinder Analysis Analysis Analysis Analysis Analysis Analysis  Analyses
Number (ng/m°) (ng/m°) (ng/m°) (ng/m°) (ng/m°) (ng/m°) (%0)
CC133146 14.0 11.3 11.4 NA NA 12.1 -13.3
CC133172 64.3 447 42.4 NA NA 447 -30.4
CC133174 59.6 46.0 45.2 NA NA 47.5 -20.3
CC133345 11.2 7.9 6.8 NA NA 5.6 -50.0
CC133357 53.1 37.6 37.1 NA NA 40.1 -24.6
CC133359 60.6 37.2 345 30.6 35.4 44.7 -26.2
CC133367 10.2 6.3 5.4 4.6 5.6 5.6 -45.4
CC133537 15.8 14.9 NA NA NA NA NA
CC133612 57.8 36.9 34.4 NA NA 35.4 -38.7
CC133619 59.6 39.9 37.8 NA NA 40.1 -32.8

@  All measurements corrected to 1 atmosphere and 20°C.
NA: Not available, analysis not performed.

It is apparent from the last column of Table 3-6 that there was a substantial decrease in all the
concentrations determined after the test by Spectra Gases, relative to those determined before the
test by Spectra Gases. This finding suggests a decay in the mercury content of all the standards

16



between these March and November analyses by the gas vendor. However, Table 3-6 also shows
that all analyses subsequent to the initial analysis by Spectra Gases show better agreement. This
observation suggests that any such decay in concentration must have occurred primarily before the
August 8 analyses. Unfortunately, no measurements were made between the original March 1, 2002,
Spectra Gases analyses and the August 8 analyses made during the first week of CEM testing. Thus,
there is no way to determine whether the decrease occurred as a sudden, step-wise drop or a gradual
decay over time. However, the important point regarding Table 3-6 is that the data indicate stable
mercury concentrations in all cylinders throughout the period of the verification test.

This point is supported by Table 3-7, which shows the mean, standard deviation, and percent RSD
of all analyses of each mercury standard from August 8 on. Table 3-7 indicates that the RSD values
for six of the standard cylinders were about 4% or less, and the RSD values for the other three
cylinders having multiple analyses were less than 17%. These results indicate that the contents of
the mercury standard cylinders were stable over the course of the verification test and, consequently,
were suitable for assessing the stability of the CEMs themselves.

—
E Table 3-7. Precision of Elemental Mercury Standard Measurements
E August 8 and Later Analyses
:’ Cylinder Mean Standard Deviation RSD
U Number (pg/m®) (ng/m?) (%)
(@] CC133146 11.6 0.5 4.0
(] CC133172 43.9 1.3 3.0
m CC133174 46.2 1.2 2.6
> CC133345 6.8 1.1 16.8
- CC133357 38.3 1.6 4.1
E CC133359 36.5 5.2 14.2
u CC133367 9.5 0.6 114
q CC133537 14.9 NA® NA
CC133612 35.6 1.3 35
E CC133619 39.3 1.2 3.2
m @ Not applicable for one data point.
7))
=
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Spectra Gases conducted a quality review of its production and analytical records to determine the
cause of the concentration decay observed.” The preliminary conclusion from the review was that
an important step had been omitted from the manufacturing process. Spectra Gases tested this
hypothesis by manufacturing two separate cylinder batches of three cylinders each. The first batch
was made according to procedure, and the second batch was made with the suspect step omitted
from the manufacturing process. After the cylinders were prepared, each cylinder was analyzed
every seven days over a 49-day period. After 49 days, the concentration of the first batch was stable,
but the second batch (with the manufacturing step omitted) exhibited a sharp decay in
concentration. This test seemed to validate the theory that an important step had been omitted from
the manufacturing process, which led to a decrease in concentration from the initial certified
analysis of the gases used in the TSCAI CEM test.

3.4.3 Mercury Spiking Sandard

A National Institute of Standards and Technology (NIST)-traceable aqueous mercury standard, with
a concentration of 1,000 mg/L of Hg as HgO in dilute nitric acid, was obtained from VWR
Scientific (Catalog No. VW4217-1). This solution was Lot No. B2015064 and had an expiration
date of August 2003. Dilution of this standard in American Society for Testing and Materials

Type Il water with added nitric acid was used to prepare the 10 pg/mL and 30 pg/mL spiking
solutions for the performance evaluation (PE) audit of the reference method (Section 4.3.2).

3.4.4 Sampling Trains

The SEI field sampling team supplied the glassware, probes, heater boxes, meter boxes, and other
associated equipment for the OH method sampling. STL supplied the chemical reagents and
materials used in the OH sampling train impingers. Multiple trains were prepared each day so that
as many as six trains (i.e., three sampling runs with two trains each) could be sampled in a single
day, in addition to at least one blank train. The SEI field sampling team recovered samples from OH
method trains in a laboratory facility near the TSCAI site. Containers for collecting and storing
samples were purchased and labeled for tracking by STL. Samples were packaged and delivered by
the field sampling team to STL.

3.4.5 Analysis Equipment
Laboratory equipment for sample recovery and analysis was provided by STL. This included all

chemicals and solutions for rinsing train components and recovering impinger samples, as well as
cold vapor atomic absorption (CVAA) spectroscopy equipment for mercury determination.
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Chapter 4
Quality Assurance/Quality Control

Quality assurance/quality control (QA/QC) procedures were performed in accordance with the
quality management plan (QMP) for the AMS Center” and the test/QA plan for this verification
test.®

4.1 Facility Calibrations

During this verification test, the TSCAI facility was operated normally to carry out its function of
destroying hazardous waste. Consequently, calibration procedures and schedules for the TSCAI
monitoring equipment were followed throughout the verification test, as required to maintain RCRA
certification of the TSCAI. These procedures, which included both weekly and monthly calibrations,
took precedence over the conduct of the verification test. Included in these activities were
calibrations of the O, and CO, CEMs on the incinerator stack. Records of all such calibrations are
maintained in the operation files of the TSCAI.

Measurements that factored into the verification test results were also the subject of PE audits, as
described in Section 4.3.2. Those audits included checks of the facility O, and CO, CEMs.

4.2 Ontario Hydro Sampling and Analysis

The preparation, sampling, and recovery of samples from the OH trains adhered to all aspects of the
OH method,® with minor modifications as described in Section 4.3.1. The preparation and recovery
of trains was carried out by SEI staff in a laboratory on the ETTP site; trains were sealed for
transport between the preparation/recovery laboratory and the TSCAI. Blank trains were prepared in
both the initial and final weeks of OH sampling, taken to the sampling location on the TSCAI stack,
and recovered along with the sampled trains. Reagent blanks were collected as specified in the OH
method. OH trains and resulting samples were numbered uniquely, and samples were transferred to
the analysis laboratory (STL) within about 24 hours of collection, using chain-of-custody forms
prepared before the field period. As described in Section 4.3.1, trial OH sampling by SEI and OH
sample analysis by STL were both subjected to a pre-test evaluation before the field verification
took place.

Because of the importance of the OH data in this verification, the following sections present key
data quality results from the OH data.
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4.2.1 Ontario Hydro Reproducibility

The results of the OH flue gas sampling are shown in Tables 4-1 and 4-2, for the initial (August 8 —
11) and final (September 16 — 19) weeks of OH method sampling, respectively. Each table indicates
the OH run number, and lists the Hg®, Hgoy, and Hg; results from the paired OH trains (designated
A and B) in each run. Also shown are the mean values of the paired train results, and the relative
percent difference (RPD) of each pair of results (RPD = difference between A and B results divided
by sum of A and B results expressed as a percentage). All mercury results are in pg/dscm, adjusted
to 20°C (68°F) at 7% flue gas O, content. Particulate mercury is not shown in Tables 4-1 and 4-2.
Particulate mercury was determined from the particulate filters in both OH trains for each run, but
was always less than 0.003 pg/dscm. Thus, particulate mercury was a negligible fraction of the total
mercury in the TSCAI stack.

Inspection of Tables 4-1 and 4-2 shows that Hg° composed most of the total mercury value,
consistent with the extent of scrubbing of the TSCAI flue gas. The total mercury level was
controlled to some extent by the choice of waste feed material and the waste feed rate entering the
TSCAI. Total mercury was less than 1.7 pg/dscm in the first two OH runs and then was
progressively increased throughout the rest of the first 10 OH runs (Table 4-1), peaking at about 200
pg/dscm in OH Run 16. In the eight OH runs conducted during the final week of the test (Table
4-2), total mercury ranged from about 23 to 85 pug/dscm. All the CEMs tested produced readings of
Hg, that generally paralleled this progression of mercury levels during the two weeks of OH method
sampling. Hgox Was typically about 1% of the total mercury, and in 17 of the 18 OH runs, the Hgoy
results from both OH trains were less than 2 pg/dscm. The one exception was the Hg,y level of
about 15 pg/dscm observed with the peak mercury levels in OH Run 16, when Hg,y was about 7%
of Ho;.

Tables 4-1 and 4-2 show generally close agreement between the A and B train results for all three
mercury fractions. The reproducibility of OH results is an important indicator of the quality of the
OH reference data for this verification test. Consequently, that reproducibility was quantified by the
RPD values for each A and B pair, by linear regression of the A and B train results, including the
correlation of the A and B results, and by calculation of the mean RSD of the paired OH results for
Hg°, Hgox, and Hg;. Considering the RPD values in Tables 4-1 and 4-2, only one of the 18 RPD
values for Hg® exceeds 7%, and the same is true for Hg;. The RPD values for Hg,y range from 0.5
to 39.4%, with a median of 9.7%. These results indicate close agreement at the low Hgx
concentrations found. Figure 4-1 shows the linear regression of B train results versus A train results,
for all three mercury fractions. The data for all three mercury fractions lie closely along the 1-to-1
line shown in this figure. Table 4-3 summarizes the results of the linear regression, correlation, and
%RSD analyses for the duplicate OH trains for Hg®, Hgox, and Hg. The correlation between paired
trains is shown in terms of the coefficient of determination (r?). Table 4-3 shows that the slopes of
the paired OH regressions are all close to 1.0, the intercepts are near zero, and the r? values are all
approximately 0.99. Mean RSD values of about 5.5% were found for the paired results for Hg® and
total mercury. The mean %RSD for Hg,y was higher, due undoubtedly to the low Hg,y levels in the
TSCAI flue gas.

Based on the close agreement of the duplicate OH results for all mercury fractions in all sample
runs, the mean OH results in each run were used for comparison to the CEM results.
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